Abstract: Shuidouchi is a traditionally fermented soybean product in China. Shuidouchi production requires a variety of processes; however, the production process has not been standardized. It can be developed into high-quality products with enhanced health effects by improving the design of its fermentation process and increasing the content of its active ingredients. In this study, a single-factor experiment was conducted that established different process conditions to determine the fermentation conditions that achieve the highest content of active ingredients and the best in vitro antioxidant effect. The effect of Shuidouchi on the prevention of dextran sulfate sodium-induced colitis in mice was also observed. The obtained results indicated that the optimal process conditions involved soaking for 12 h, placement in a glass container, and fermentation at 35 • C for 48 h. Shuidouchi that was fermented under such conditions had the highest level of soybean isoflavones and exerted greater antioxidant effects than if fermented under other conditions. The Shuidouchi extract (soaking twice the quantity of water for 12 h, placing in a glass container, and fermenting at 35 • C for 48 h) obtained by using the optimal fermentation process can prevent the shortening of the colon and increase the weight-to-length ratio of the colon that is caused by colitis. Shuidouchi extraction not only effectively reduces the disease activity index and the levels of serum endothelin (ET), substance P (SP), and interleukin-10 (IL-10), it also increases the levels of somatostatin (SS), vasoactive intestinal peptide (VIP), and interleukin-2 (IL-2) of mice with colitis. In addition, Shuidouchi extraction increased the levels of glutathione (GSH) and superoxide dismutase (SOD) in colitis mice; in contrast, Shuidouchi decreased the levels of myeloperoxidase (MPO) and malondialdehyde (MDA) in the colon of mice with colitis. Further detection of mRNA in colon tissues showed that Shuidouchi extraction can upregulate the expression of neuronal nitric oxide synthase (nNOS), endothelial nitric oxide synthase (eNOS), c-Kit, and the stem cell factor (SCF). Furthermore, it can downregulate the expression of inducible nitric oxide synthase (iNOS), interleukin-8 (IL-8), and C-X-C chemokine receptor type 2 (CXCR2) in the colon of mice with colitis. Further experimental results showed that Shuidouchi could reduce the protein expression of interleukin 6 (IL-6), IL-12, and tumor necrosis factor-α (TNF-α) in colitic mice. Therefore, the improved processing of Shuidouchi inhibits colitis, which is directly related to the high content of soybean isoflavones.
Introduction
Douchi is a traditional fermented soybean product in China with both desirable taste and functional effects [1] . Shuidouchi is a type of bacterial Douchi, which is a type of seasoning that is fermented by bacterial action, which has a history of use as seasoning or as a dish for thousands of years. It was used not only as a simple food but also as a type of medicine in ancient Chinese medical books. Shuidouchi was also used as a traditional Chinese medicine with appetite-stimulating effects that strengthens the spleen, eliminates heat, and exerts detoxifying effects [2] . Modern scientific research methods have identified many functional ingredients in Shuidouchi, which confer antioxidant, antimutagenic, and anticancer effects of soybean products (e.g., Douchi, Shuidouchi, and soy sauce) [3] . However, studies on the physiological activity of Shuidouchi have rarely been conducted.
Chinese Shuidouchi, Japanese Natto, and Korean Koji sauce are typical examples of food from bacterially fermented soybeans. Japan was the first to isolate and identify the fermentation strain of Natto and simultaneously develop purely fermented Natto products after an in-depth study of the physiological activities of Natto. The study reported that Natto exhibits antioxidant, anti-inflammatory, and anticancer effects [4] [5] [6] . These three bacterially fermented soybean foods (Chinese Shuidouchi, Japanese Natto, and Korean Chungkukjang) are all produced with similar technology. Japanese Natto and Korean Chungkukjang have been fully studied and reported to date, including process improvement, functional effects, and extraction of active ingredients [7, 8] . In China, only a few preliminary studies have been conducted on Shuidouchi, indicating its anti-inflammatory and anti-cancer effects [7] . The specific mechanism and process improvement of Shuidouchi have not been explored sufficiently.
Previous studies showed that the quality of soybean sauce was related to numerous factors, such as the fermentation bacteria, the amount of water for soaking the soybeans, the fermentation time, fermentation temperature, and the time after fermentation [9, 10] . In addition, the fermentation container is also one of the factors to affect the quality of fermented soybean products [11] . A study confirmed that the quality of Korean Chungkukjang was related to these fermentation factors [7] .prevention of colitis. The purpose of this study is to explore the mechanism underlying Shuidouchi efficacy using molecular biology technologies, improve the preventive effect of Shuidouchi on colitis, and to accumulate a solid theoretical basis for the further development of functional Shuidouchi.
Materials and Methods

Fermentation of Shuidouchi
Shuidouchi was fermented at different temperatures: 100 g of soybeans (Zhongnong Xianheng Agricultural Development Co., Ltd., Beijing, China) were weighed in 200 mL distilled water for 12 h and the soaked soybeans were boiled in a high-pressure sterilizing pot for 1 h. The boiled soybeans were cooled to 30 °C, 35 °C, and 40 °C, and then fermented in a glass container for 48 h ( Figure 1A ).
Shuidouchi was fermented for different durations: 100 g of soybeans were weighed in 200 mL distilled water for 12 h and the soaked soybeans were boiled in a high-pressure sterilizing pot for 1 h. The boiled soybeans were cooled to 35 °C and then fermented in a glass container for 24, 48 , and 72 h ( Figure 1B ).
Shuidouchi was fermented using different amounts of soybeans: 100 g of soybeans were weighed in 100, 200, and 300 mL distilled water for 12 h. The soaked soybeans were boiled in a high-pressure sterilizing pot for 1 h. The boiled soybeans were cooled to 35 °C and then fermented in a glass container for 48 h ( Figure 1C ).
Shuidouchi was fermented in different containers: 100 g of soybeans were weighed in 200 mL distilled water for 12 h. The soaked soybeans were boiled in a high-pressure sterilizing pot for 1 h. The boiled soybeans were cooled to 35 °C and then fermented in ceramic, glass, or metal containers for 48 h ( Figure 1D ). 
Shuidouchi Extraction
Shuidouchi was frozen-dried and crushed, and then the Shuidouchi powder was extracted by a 20-fold diluted (w/v) ethanol for 12 h. The extract was filtered, the filtrate was retained, and the filtrate residue was extracted again by the above method [2] .
Determination of Free Radical Scavening Rate of Shuidouchi by DPPH
Reagents (Shanghai Jinsui Biotechnology Co., Ltd., Shanghai, China) (Table 1) were added into the extracted Shuidouchi, and for a final reaction, 200 µl of DPPH (2,2-Diphenyl-1-picrylhydrazyl) solution (Shanghai Jinsui Biotechnology Co., Ltd., Shanghai, China) (60 µM) was added to wells of 96-well plate containing 50 µl of Shuidouchi extract, which was stored in the dark for 90 min. The absorbance was measured at 517 nm and the radical scavenging rate was calculated [15] . DPPH (%) was expressed as A3-(A1-A2)/A3 × 100. The calculation of IC 50 when the DPPH radical was scavenged up to 50% was conducted according to the T logarithm (X) of the concentration of the DPPH radical plotted by the clearance rate (Y); a linear equation was thus obtained. The IC 50 was derived from the linear equation. Table 1 . DPPH (2,2-Diphenyl-1-picrylhydrazyl) determination method.
No.
Sample reaction System A 1 3.9 mL DPPH solution +100 µL sample solution A 2 3.9 mL anhydrous ethanol +100 µL sample solution A 3 3.9 mL DPPH solution +100 µL 80% methanol solution
Determination of Free Radical Scavenging Rate of Shuidouchi by ABTS +
Reagents (Table 2) were added to the Shuidouchi extract, and a final reaction solution (200 µL) was added to a 96-well plate after storage in the dark for 6 min. Absorbance was measured at 734 nm. The radical scavenging rate was also calculated. The computational formula for the 2,2'-azino-bis(3-ethylbenzthiazoline) 6-sulphonic acid (ABTS + ) radical scavenging rate is ABTS + (%) = A3-(A1-A2)/A3 × 100. The calculation of the required extract concentration, which is an ABTS + free radical, reached up to 50%. The elimination rate (Y) was plotted with the logarithm (X) of the concentration of the extract and its linear equation was obtained. The IC 50 was determined in accordance with the linear equation. Table 2 . ABTS + (2,2'-azino-bis(3-ethylbenzthiazoline) 6-sulphonic acid) determination.
No.
Sample Reaction System A 1 5 mL ABTS reaction solution +200 µL sample solution A 2 5 mL anhydrous ethanol +200 µL sample solution A 3 5 mL ABTS solution +200 µL 80% methanol solution
Determination of the Free Radical Scavenging Rate Of Shuidouchi by the Hydroxyl Radical Method
Reagents (Table 3) were added to the Shuidouchi extract sample and heated for 30 min in a water bat at 37 • C. The final reaction solution (200 µL) was added to the 96-well plate. Absorbance was measured at 510 nm and the free radical scavenging rate was calculated. The computational formula for the hydroxyl radical scavenging rate is OH (%) = A3-(A1-A2)/A3 × 100. The required extraction concentration (IC 50 ) when hydroxyl radicals were cleared to 50% was calculated by plotting the elimination rate (Y) with the logarithm (X) of the extract concentration, and the linear equation was obtained. The IC 50 was obtained based on this linear equation. Chemical Reagent Co., Ltd., Shanghai, China) solution was then added to achieve a volume of 50 mL. After the configuration of the base solution, 1.0, 2.0, 3.0, 4.0, and 5.0 mL solutions were precisely extracted and placed in a 100 mL volumetric flask. Subsequently, 0.01 mol/L NaOH solution was added to a 100 mL scale. The absorbance values of all solutions at 271 nm were measured with a 0.01 mol/L NaOH blank solution. A standard curve was generated, with the absorbance values (Y) on the ordinate and the concentrations of genistein (µL/mL) on the abscissa. After the standard curve was determined, the Shuidouchi sample was dissolved in a 0.01 mol/L NaOH solution and the absorbance value was determined at 271 nm. The standard curve of the soybean isoflavones content was ultimately obtained (genistein meter, Figure 2 ).
the primary antibodies (IL-6, IL-12, and TNF-α, Thermo Fisher Scientific) were incubated at 25 °C for 2 h, and the secondary antibody was incubated at 25 °C for 1 h. Finally, Supersignal West Pico PLUS was used to spray the PVDF film, followed by placin into iBright FL1000 (Thermo Fisher Scientific) for observation [17] .
Statistical Analysis
The averages of the results of three parallel experiments were calculated. The SAS9.1 statistical software (SAS Institute Inc., Cary, NC, USA) was used for data analysis, and one-way ANOVA according to Duncan's multiple-range test was conducted to determine statistical significance.
Results
Comparison of Soybean Isoflavone Contents of Shuidouchi Fermented at Different Temperatures
The soybean isoflavone contents in Shuidouchi extract fermented at 30 °C, 35 °C, and 40 °C were 42.52, 58.87, and 46.33 mg/g, respectively, which was in accordance with the standard curve Y = 0.1709X + 0.0095 (Figure 2 ). With the same determination method, the unfermented soybean showed a soybean isoflavone content of 33.71 mg/g (Figure 3 ). 
Animal Experiment
A total of 50 Kunming mice (seven weeks old, 25 male and 25 female) were kept at 25 ± 2 • C, 50 ± 5% in a feeding environment with relative humidity and with light and shade indoors adjusted alternately every 12 h. A second set of 50 mice with similar body weights were randomly divided into five groups: normal group, control group, SDC-L group (mice were fed with low-concentration (2 g/kg) Shuidouchi extract by gavage), SDC-H group (mice were fed via gavage with high-concentration (4 g/kg) Shuidouchi extract), and sulfasalazine group (positive control group). After the onset of the experiment, mice in each group were freely fed with the respective diet. Except for mice in the normal group, all other mice received 2% (w/v) DSS solution as drinking water during the third week. After feeding distilled water for one week, all other mice except for the normal group received 4% (w/v) DSS solution as drinking water during the fifth week. Except for the third and fifth weeks, all mice received distilled water as drinking water for the rest of the time [16, 17] . During the entire experimental duration of five weeks, the SDC-L and SDC-H groups received 2 and 4 g/kg of extract of Shuidouchi daily after the optimization of crafts. The mice in the sulfasalazine group were fed with 20 mg/kg sulfasalazine daily. All mice fasted for 24 h on Day 35 and were killed on Day 36. The colon length and weight of each mouse were measured and the colon weight/colon length index was then calculated. The disease activity index (DAI) of each mouse was simultaneously calculated, as follows: DAI = (fraction of weight loss + fraction of stool shape + fraction of stool occult blood)/3 ( Table 4) . The blood and colon tissues were also collected for later use. The protocol for these experiments was approved by the Animal Ethics Committee of the Chongqing Medical University under the animal permit number SYXK (Yu) 2018-0003. The colon tissue of mice and normal saline were mixed at a mass ratio of 1:9. The colon tissue was then homogenized by ultrasonic pulverization, and the levels of myeloperoxidase (MPO), superoxide dismutase (SOD), glutathione (GSH), and malondialdehyde (MDA) in the colon tissue were determined while using the respective kits (Nanjing Jiancheng Bioengineering Institute, Nanjing City, China) [18] .
Detection of mRNA Expression in Colon Tissue of Mice by qPCR
The colon tissue of mice was homogenized, and RNA TRIzol Reagent (Invitrogen, Carlsbad, CA, USA) was used to extract the total RNA, which was then diluted to 1 µg/µL. The diluted RNA solution of 5 µL was obtained using a reverse transcription kit and the cDNA template was obtained. Subsequently, 2 µL of the cDNA template was mixed with 10 µL SYBR Green PCR (polymerase chain reaction) Master Mix and 1 µL upstream and downstream primers (Thermo Fisher Scientific, Waltham, MA, USA) ( Table 5 ). A total of 40 cycles were conducted after which the reaction conditions were as follows: 95 • C, 60 s; 95 • C, 15 s; 55 • C, 30 s; and, 7 • C, 35 s (StepOnePlus Real-Time PCR System, Thermo Fisher Scientific, Waltham, MA, USA). Relative gene expression was calculated using the 2 -∆∆Ct method, using glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as internal reference [17] . was used to quantify proteins. The samples of each group were diluted to 50 g/mL and then the diluted proteins were mixed with sample buffer at 4:1 and heated for 5 min at 100 • C. Acrylamide, resolving buffer, starcking buffer, ditilled water, 10% APS (ammonium persulfate), and TEMED (tetramethylethylenediamine, Thermo Fisher Scientific) were mixed proportionally to form an SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electropheresis) (Thermo Fisher Scientific) separating and concentrating glue, which was poured into the runner board for later useage. The prestained protein ladder and samples were put into the sample holes of the rubber sheet, and then the loaded SDS-PAGE gel was subjected to 50 min vertical gel electrophoresis. The PVDF (polyvinylidene fluoride) membrane was activated by methanol for 1 min and then the transmembrane was closed by TBST (tris buffered saline tween) solution containing 5% skim milk for 1 h. After closure, the PVDF membrane was washed by TBST, the primary antibodies (IL-6, IL-12, and TNF-α, Thermo Fisher Scientific) were incubated at 25 • C for 2 h, and the secondary antibody was incubated at 25 • C for 1 h. Finally, Supersignal West Pico PLUS was used to spray the PVDF film, followed by placin into iBright FL1000 (Thermo Fisher Scientific) for observation [17] .
Statistical Analysis
Results
Comparison of Soybean Isoflavone Contents of Shuidouchi Fermented at Different Temperatures
The soybean isoflavone contents in Shuidouchi extract fermented at 30 • C, 35 • C, and 40 • C were 42.52, 58.87, and 46.33 mg/g, respectively, which was in accordance with the standard curve Y = 0.1709X + 0.0095 (Figure 2 ). With the same determination method, the unfermented soybean showed a soybean isoflavone content of 33.71 mg/g (Figure 3 ). 
Comparison of Antioxidant Effects of Shuidouchi after Fermentation at Different Temperatures
The results of Figure 4 and Table 6 indicate that, under the same fermentation conditions (specifically, the same concentration), the DPPH, ABTS + , and hydroxyl radical scavenging capacities of Shuidouchi extract fermented at 35 °C exceed those fermented at 30 °C and 40 °C. Further calculation confirmed that the IC50 of Shuidouchi extract fermented at 35 °C was significantly lower 
The results of Figure 4 and Table 6 
The results of Figure 4 and Table 6 indicate that, under the same fermentation conditions (specifically, the same concentration), the DPPH, ABTS + , and hydroxyl radical scavenging capacities of Shuidouchi extract fermented at 35 °C exceed those fermented at 30 °C and 40 °C. Further calculation confirmed that the IC50 of Shuidouchi extract fermented at 35 °C was significantly lower than those of Shuidouchi extracts fermented at both 30 °C and 40 °C . Despite the decreased concentrations, Shuidouchi that was fermented at 35 °C could exert the same effect and achieved better antioxidant effects as those fermented at 30 °C and 40 °C, respectively. 
Comparison of Soybean Isoflavone Contents of Shuidouchi Fermented for Different Durations
The soybean isoflavone contents of Shuidouchi fermented for 24, 48, and 72 h were 35.67, 58.87, and 48.51 mg/g, respectively ( Figure 5 ). The soybean isoflavone content of unfermented soybean was 33.71 mg/g.
The soybean isoflavone contents of Shuidouchi fermented for 24, 48, and 72 h were 35.67, 58.87, and 48.51 mg/g, respectively ( Figure 5 ). The soybean isoflavone content of unfermented soybean was 33.71 mg/g. 
Comparison of Antioxidant Effects of Shuidouchi Fermented for Different Durations
The results in Figure 6 and Table 7 indicate that fermentation duration influences the antioxidant effects of Shuidouchi under otherwise identical conditions. The DPPH, ABTS + , and hydroxyl radical scavenging rates of Shuidouchi fermented for 24, 48, and 72 h were significantly different. The DPPH, ABTS + , and hydroxyl radicals scavenging rates of Shuidouchi extract that was fermented for 48 h were higher than those of Shuidouchi extract fermented for 24 and 72 h. 
Comparison of Soybean Isoflavone Contents of Shuidouchi Soaked in Different Water Quantities
The soybean isoflavone contents in fermented Shuidouchi extract that was soaked in different quantities of water were 40.35, 58.87, and 56.37 mg/g (genistein meter), respectively. Unfermented soybeans contained 33.71 mg/g soybean isoflavone, which was in accordance with the standard curve for genistein, Y = 0.1709X + 0.0095 ( Figure 7) . Values presented are the mean ± standard deviation. a-c Mean values with different letters in the same row are significantly different (p <0.05). 24h-FSDC: 24 h fermented Shuidouchi; 48h-FSDC: 48 h fermented Shuidouchi; 72h-FSDC: 72 h fermented Shuidouchi.
The soybean isoflavone contents in fermented Shuidouchi extract that was soaked in different quantities of water were 40.35, 58.87, and 56.37 mg/g (genistein meter), respectively. Unfermented soybeans contained 33.71 mg/g soybean isoflavone, which was in accordance with the standard curve for genistein, Y = 0.1709X + 0.0095 ( Figure 7 ). 
Comparison of Antioxidant Effects of Shuidouchi in Different Quantities of Soaking Water
The results that are shown in Figure 8 and Table 8 indicate that the quantity of soaking water affects the antioxidant effects of Shuidouchi extract. The extracts soaked in two and three times more water exerted enhanced antioxidant effects, with the former exhibiting slightly better antioxidant effects than the latter. 
Comparison of Soybean Isoflavone Contents on Shuidouchi Fermented in Different Containers
In accordance with the standard curve Y = 0.1709X + 0.0095 for genistein, the soybean isoflavone content of unfermented soybean was 33.71 mg/g; furthermore, the soybean isoflavone contents in the Shuidouchi extract fermented in ceramic, glass, and metal containers were 47.74, 58.87, and 44.12 mg/g, respectively ( Figure 9 ). 
Comparison of Antioxidant Effects of Shuidouchi Fermented in Different Containers
The results that are shown in Figure 10 and Table 9 show that, under otherwise identical fermentation conditions, the fermentation container affects Shuidouchi fermentation. The antioxidant effect of Shuidouchi fermented in the glass container exceeded that of Shuidouchi that was fermented in ceramic and metal containers. 
The results that are shown in Figure 10 and Table 9 show that, under otherwise identical fermentation conditions, the fermentation container affects Shuidouchi fermentation. The antioxidant effect of Shuidouchi fermented in the glass container exceeded that of Shuidouchi that was fermented in ceramic and metal containers.
The results that are shown in Figure 10 and Table 9 Due to the different materials of fermentation containers, the temperature and water content of fermentation products can differ, thus resulting in different growth of fermentation microorganisms, which in turn affects the fermentation products [19] . After analyzing various fermentation factors, it was found that Shuidouchi fermented under specific condition (twice as much soaking water in glass container at 35 • C for 48 h) contained the most soybean isoflavones. This particular fermented Shuidouchi showed the highest DPPH, ABTS+, and hydroxyl radical scavenging capacities of all the different tested conditions. These results indicate that soybean isoflavone is an important active component that is produced by the antioxidant effect of Shuidouchi and exhibits a direct relationship with the antioxidant effect.
Effects of Shuidouchi on Colonic Length and Weight of Mice with Colitis
The results showed that the normal group had the longest colon but the least colon weight-to-colon length ratio (Table 10 ). The results that were obtained for the control group were opposite to those obtained for the normal group. The control group showed the shortest colon length and the largest colon weight-to-colon length ratio. The colon length and the colon weight-to-colon length ratio of the SDC-H group were closest to those of the normal group. The colon of the SDC-H group was only slightly shorter than those of both the normal group and the sulfasalazine group and longer than those of the control group and the SDC-L group. Furthermore, the colon weight-to-colon length ratio of the SDC-H group was higher than those of the normal group and the sulfasalazine group and lower than those of the control group and the SDC-L group. 
Effects of Shuidouchi on Disease Activity Index of Mice with Colitis
The results showed that the DAI index of the control group was higher than that of the other groups during the experimental period and that the DAI indices of the mice in all groups, except for the normal group, increased significantly after treatment with DSS at Weeks 3 (2.32) and 5 (3.62) (Figure 11 ). On the 35th day, the SDC-L (2.68), SDC-H (1.89), and sulfasalazine (1.52) groups showed significant inhibitions of the increase in the DAI index in mice with colitis, with sulfasalazine exhibiting the highest inhibition, followed by SDC-H, and then SDC-L. Therefore, the improved Shuidouchi extract fermentation process could inhibit the increase of DAI index in mice with colitis. 
Effects of Shuidouchi on Serum Levels of Et, Ss, Sp, And Vip in Mice with Colitis
The results in Table 11 show that the ET and SP serum levels of the normal group are the lowest, while the SS and VIP serum levels are the highest; the ET and SP serum levels of the control group are the highest, while the SS and VIP levels are the lowest. The SDC-L, SDC-H, and sulfasalazine groups could significantly decrease the ET and SP levels and increase the SS and VIP levels in mice with colitis. Sulfasalazine exerted the strongest effect, followed by high concentration of Shuidouchi, and then low concentration of Shuidouchi. 
Effects of Shuidouchi on Serum Levels of Il-2 and Il-10 Cytokines in Mice With Colitis
The results in Table 12 show that the IL-2 levels are lowest in all groups, and the IL-10 in the control group is the highest; the sulfasalazine, SDC-H, and SDC-L groups show significant increases of IL-2 levels and decreased IL-10 levels. Due to sulfasalazine, SDC-H, and SDC-L, the IL-2 and IL-10 cytokine levels in the sulfasalazine group were the closest to those in the normal group. The IL-2 and IL-10 levels in the SDC-H group were similar to those in the normal group, which significantly improved the IL-2 and IL-10 serum cytokine levels in mice with colon cancer. 
Effects of Shuidouchi on the Myeloperoxidase, Superoxide Dismutase, Glutathione, and Malondialdehyde Levels in the Colon Tissue of Mice With Colitis
The results in Table 13 show that the normal group exhibits the highest GSH and SOD levels, but the lowest MPO and MDA levels. After colitis induction, the GSH and SOD levels decreased, while the MPO and MDA levels increased in DSS-induced mice. Significant inhibition of decreases in GSH and SOD and increases in MPO and MDA levels caused by colitis were found in the sulfasalazine, SDC-H, and SDC-L groups. Sulfasalazine showed the strongest inhibitory action, followed by SDC-H and SDC-L. 
Effects of Shuidouchi on Expression of Nnos, Enos, and Inos Mrna in Colon Tissues of Mice with Colitis
The results showed that the expression of nNOS mRNA in the colon tissue of the normal group was 4.36 times that of mice in the control group, and the expression levels of nNOS in the colon tissues in the SDC-H, SDC-L, and SDC-H groups were 3.23, 2.79, and 1.87 times that of the control group, respectively ( Figure 12 ). The colon tissues in the normal group exhibited the highest eNOS expression (3.79 times of that in the control group); eNOS expression in the sulfasalazine group was only 3.01 times that in the normal group (3.01 times that in the control group); and, eNOS expression in the SDC-H group (2.62 times that in the control group) was higher than that in the SDC-L group. (1.92 times in the control group). In contrast, the colon tissues of the normal group showed the lowest iNOS mRNA expression, which was only 0.25 times that of the control group. After treatment with sulfasalazine, high Shuidoichi concentration, and low Shuidoichi concentration, the expressions of iNOS mRNA in the colon of mice with colitis decreased to 0.41, 0.52, and 0.79, respectively, of that of the control group. 
Effects of Shuidouchi on Expression of Nnos, Enos, and Inos Mrna in Colon Tissues of Mice With Colitis
Effects of Shuidouchi on Expression of c-Kit and SCF mRNA in Colon Tissues of Mice with Colitis
The results in Figure 13 show that the expression of c-Kit mRNA in the colon of the normal group (6.38 times of that of the control mice) was significantly higher than that in the other groups. The expression of c-Kit mRNA in the colon of the sulfasalazine group (5.52 times of that of the 
The results in Figure 13 show that the expression of c-Kit mRNA in the colon of the normal group (6.38 times of that of the control mice) was significantly higher than that in the other groups. The expression of c-Kit mRNA in the colon of the sulfasalazine group (5.52 times of that of the control mice) and SDC-H group mice (4.8 times of that of the control mice) was also higher than that of the SDC-L group (2.71 times of that of the control group). Simultaneously, the expression levels of SCF mRNA in the colon tissues of the normal group, sulfasalazine group, SDC-H group, and SDC-L group were 5.33, 4.89, 4.36, and 2.21 of that of the control group, respectively. 
Effects of Shuidouchi on Expression Levels of IL-8 and CXCR2 Mrna in Colon Tissues of Mice With Colitis
The IL-8 mRNA expression in the colonic tissue of mice of the normal group was 0.14 times that of the control group, which was weaker than that of the sulfasalazine group (0.22 times of that of the control group), SDC-H group (0.38 times of that of the control group), and SDC-L group (0.69 times of that of the control group; Figure 14) . The control group exhibited the highest CXCR2 mRNA expression. The CXCR2 expression levels in the normal group, sulfasalazine group, SDC-H group, and SDC-L group were 0.19, 0.35, 0.44, and 0.65 times higher than that of the control group. 
Effects of Shuidouchi on Expression Levels of IL-6, IL-12, and TNF-Α Protein in Colonic Tissues of Mice with Colitis
The IL-6, IL-12, and TNF-α protein expression levels in the colonic tissue of mice of the normal group were weakest, but their expressions in mice of the control group were the strongest ( Figure  15) . Following Shuidouchi treatment, the IL-6, IL-12, and TNF-α protein expression were decreased when compared to the control group, and the SDC-H showed a better reducing effect than SDC-L; the effects of SDC-H were close to that of sulfasalazine. 
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Effects of Shuidouchi on Expression Levels of IL-8 and CXCR2 Mrna in Colon Tissues of Mice With Colitis
Effects of Shuidouchi on Expression Levels of IL-6, IL-12, and TNF-Α Protein in Colonic Tissues of Mice with Colitis
Effects of Shuidouchi on Expression Levels of IL-6, IL-12, and TNF-A Protein in Colonic Tissues of Mice with Colitis
The IL-6, IL-12, and TNF-α protein expression levels in the colonic tissue of mice of the normal group were weakest, but their expressions in mice of the control group were the strongest ( Figure 15) . Following Shuidouchi treatment, the IL-6, IL-12, and TNF-α protein expression were decreased when compared to the control group, and the SDC-H showed a better reducing effect than SDC-L; the effects of SDC-H were close to that of sulfasalazine. 
Discussion
The DPPH method is generally used to evaluate the antioxidant effects and the antioxidant capacity of active substances. The DPPH radical with a single electron is a stable free radical. In the presence of a free radical scavenger, the free radical pairs with its single electron to reduce its absorption, and this change can evaluate the antioxidant properties of active substances [20] . ABTS + free radicals become green during oxidization. When antioxidants exist, ABTS + reacts with antioxidants and decreases the color of ABTS + free radicals. The antioxidant effect can be evaluated by the degree of fading [21] . The hydroxyl free radical is a highly active and highly toxic oxygen-free radical, which is the main factor that leads to disease and aging and it can considerably harm the body [22] . In the present study, three methods were used to evaluate the antioxidant effects of Shuidouchi that was fermented with different techniques; the highest antioxidant activity of Shuidouchi was preliminarily obtained. Studies have shown that soybean isoflavones can significantly reduce lipid peroxidation and improve the levels of the blood total antioxidant status (TAS). It can effectively scavenge free radicals, stop the chain reaction of free radicals, and prevent the oxidation of unsaturated fatty acids in lipids and endothelial membranes, thus preventing many diseases that are caused by free radicals in vivo [23] . In the current study, the soybean isoflavone content in Shuidouchi was determined, and the Shuidouchi with the best antioxidant efficacy was designed. Studies have indicated that antioxygen is gradually applied in the clinical setting. Colitis can be inhibited because antioxygen scavenging free radicals inhibit peroxidation and inflammation [24] . Soybean isoflavone is the main source of the antioxidant capacity of soybeans, which exerts a good anti-inflammatory and anti-cancer role [25] . Thus, the current study also tests the intestinal protection of Shuidouchi by designing its best antioxidant effect. To some extent, DPPH scavenging free radicals indicated the antioxidant capacity of Shuidouchi; however, the effect and utilization rate of DPPH in organisms requires further study.
Colitis is a type of intestinal inflammation, which includes ulcerative colitis, ischemic colitis, and pseudomembranous colitis. Ulcerative colitis exhibits the highest incidence, reaching 10/100,000 [26] . Studies have shown that patients with ulcerative colitis, who have a medical history of 10 y, have a greatly increased risk of colon cancer, posing a risk of almost 10% for patients with a medical history of 25 y [27] . Food therapy for the prevention of severe intestinal diseases is currently a widely studied subject. In the present study, the animal model with colitis was treated with Shuidouchi that was fermented using an improved method and the preventive effects of such a method on colitis was observed. Colitis can cause the erosion and swelling of colonic mucosa, which can shorten the intestinal canal; as a result of the swollen and congested colon, the weight of 
Colitis is a type of intestinal inflammation, which includes ulcerative colitis, ischemic colitis, and pseudomembranous colitis. Ulcerative colitis exhibits the highest incidence, reaching 10/100,000 [26] . Studies have shown that patients with ulcerative colitis, who have a medical history of 10 y, have a greatly increased risk of colon cancer, posing a risk of almost 10% for patients with a medical history of 25 y [27] . Food therapy for the prevention of severe intestinal diseases is currently a widely studied subject. In the present study, the animal model with colitis was treated with Shuidouchi that was fermented using an improved method and the preventive effects of such a method on colitis was observed. Colitis can cause the erosion and swelling of colonic mucosa, which can shorten the intestinal canal; as a result of the swollen and congested colon, the weight of the colon increases and the colon shortens, which leads to an increase in the ratio of the weight of the colon to the length of the colon. Previous studies indicated that this colon mass-to-colon length ratio is an important indicator of the degree of experimental ulcerative colitis. The higher the severity of colitis, the shorter the colon length in mice and the larger the colon mass-to-colon length ratio [28] . In the current study, mice with DSS-induced colitis showed a shorter colon and a larger colon weight-to-colon length ratio. Shuidouchi extract could significantly inhibit these changes and thus prevent colitis. The DAI index is an important index for the observation of colitis in mice. With aggravated inflammation, the DAI increases, and the DAI index decreases after the remission of colitis [28] . Consequently, colitis in mice could be relieved using Shuidouchi extract from Shuidouchi that was fermented with the improved process.
Studies have shown that the contractile effect of endothelin on blood vessels can lead to colonic mucosal erosion, which can result in ulcers in severe cases that aggravate colitis [29] . SS inhibits gastric acid secretion and suppresses gastrointestinal inflammation. Deficiency in SS can promote a large amount of gastrointestinal fluid secretion and aggravate colitis [30] . SP regulates the nervous and immune systems of the body, and the accumulation of substance P in the body leads to an aggravation of colitis [31] . Excessive SP can directly result in colitis and it can inhibit colitis in antagonistic antibodies [32] . VIP can regulate the iNOS transcription in vivo, inhibiting the conversion of excessive iNOS to NO in colonic tissues and avoid intestinal mucosal damage that is caused by large amounts of NO. VIP can also inhibit disorders of the immune system that are caused by colitis [33] . Therefore, Shuidouchi fermented using this improved technique can protect the colon and prevent colitis by regulating the ET, SS, SP, and VIP.
IL-2 is a cytokine secreted by Th2 cells, which are directly related to colitis. Th2 cells can mediate the immune response to exert an effect on colitis. IL-2 can inhibit colitis by influencing Th2 cells [34] . IL-10 is a cytokine that is secreted by Treg cells, which exert an immunosuppressive effect to aggravate colitis [35] . The obtained results indicate that Shuidouchi that was fermented with this improved process can inhibit colitis by regulating the cytokines IL-2 and IL-10.
After the onset of colitis, the original aggregated neutrophils in the colon disperse, and the influx of neutrophils into the tissues markedly increases the MPO level [36] . After inflammation, free radicals, such as ROS and RNS, accumulate rapidly in vivo; consequently, the damage and toxicity of the colon tissue are further aggravated, and the degree of colitis is considerably increased [37] . Studies have shown that the GSH and SOD levels in colonic tissues decreased in response to colitis, whereas MDA, a peroxide product, increased significantly [38] . In the current study, the improved Shuidouchi process significantly influenced the MPO, SOD, GSH, and MDA levels in mice with colitis and can thus prevent colitis. The antioxidant capacity of Shuidouchi is directly reflected in the impact on the above indexes in vivo; therefore, the effects of Shuidouchi on colitis are directly related to its antioxidant effect.
The results showed that nNOS could regulate the concentration of NO in tissues and protect tissues from damage that is caused by excessive NO. Simultaneously, nNOS can control iNOS and avoid iNOS overexpression, thus resulting in an aggravation of inflammation [39] . eNOS can regulate the NO level in the body, thus maintaining the balance of NO in the body and the normal state of the colon tissues, which can regulate colon tissue injury and colitis [40] . NO is produced by two cNOS subtypes that are associated with iNOS, accelerating nitrification and oxidative damage, while also increasing inflammatory factors [41] . A high amount of iNOS can convert an equally high amount of NO, and excessive NO can lead to colonic tissue damage, resulting in the aggravation of colitis [40] . Studies have also shown that the expression pattern of iNOS is related to inflammation, and the inhibition of iNOS can reduce inflammation [41] . Simultaneously, inflammatory bowel disease (IBD) is associated with the excessive production of NO by iNOS, and the amount of NO in the intestinal tract and saliva of patients with IBD is increased when compared to control subjects [42] . Animal experiments have also shown that the inhibition of iNOS attenuated the DSS-induced colitis in mice [43] . The results of the present study also indicate that this improved Shuidouchi fermentation could prevent colitis by regulating the expression levels of nNOS, eNOS, and iNOS in the colon.
Colitis occurs in response to colon dysfunction and a decline in colon motility; furthermore, colitis can also cause a decrease in the number of normal interstitial Cajal cells, thus reducing colon motility, which is directly related to colitis [44] . C-Kit can maintain the number of interstitial Cajal cells and prevent the aggravation of colitis [45] . SCF also plays an important role in maintaining the number of interstitial Cajal cells. The number of interstitial Cajal cells decreases and their proliferation is affected by the impaired inflammation of the SCF/Kit signal pathway, which further aggravates colitis [44] . These results showed that enhanced expression of c-Kit and SCF mRNA in the colon could alleviate colitis and thus, Shuidouchi could prevent colitis. Simultaneously, the effects of high-concentration Shuidouchi were close to those of sulfasalazine, which is the main drug used to treat colitis.
A large number of inflammatory cells, including neutrophils and lymphocytes, were recruited into the injured tissues during the UC active phase [46] . Immune cells overcame the vascular endothelial cell barrier moving between the body fluids and tissues and involving many steps that are required for cells that flow with the body fluid. Cells are firmly adhered to the blood vessel endothelium, and the cells pass through the intercellular space of the endotheliocyte. Cells then migrate to specific tissues. During this process, cell selectivity and stable adhesion of selected cells are observed. Apart from activating and chemoattracting inflammatory cells, chemokines with increased expression can also trigger other complex inflammatory activities, such as exocytosis, the production of metalloproteinase-degrading matrix, and upregulation of oxidative bursts [47] . Chemokines control the exudation of IL-8 via intracellular signal transduction, which is a typical neutrophil chemokine and activator that mediates inflammatory responses in various ways, including colitis [48] . CINC-1 is a neutrophil chemokine of the IL-8 family, while CXCR2 is a receptor for CINC-1. CXCR2 acts as a mediator to regulate organ-to-organ interactions. Decreasing the expression of CXCR2 in tissues can effectively reduce colonic tissue damage that is caused by colitis [49] . Therefore, the experimental results indicate that Shuidouchi can inhibit colitis by downregulating the expression of CXCR2 and IL-8.
IL-6 is also known as proinflammatory cytokine and it is a widely used cytokine. It can affect inflammation, host defense, and tissue damage through humoral and cellular immune functions. Its production can be regulated by IL-1, interferon, and TNF-α [50] . IL-12 is an inflammatory cytokine that can induce cytotoxic activity of CTL and NK cells and promote their secretion of IFN-gamma, TNF-α, GM-CSF, and other cytokines [51] . TNF-α is the earliest and most important inflammatory mediator during the process of inflammation. It can activate neutrophils and lymphocytes, increase the permeability of vascular endothelial cells, regulate the metabolic activity of other tissues, and promote the synthesis and release of other cytokines [52] . These results showed that Shuidouchi reduced these proinflammatory expression levels and inhibited colitis. In this study, mice were used for all experiments. Because there are several differences between the mouse and human genome, and because the organs are different, the results of this study can confirm the effect of Shuidouchi on colitis only to a certain extent. Therefore, it is necessary to further verify the effect of Shuidouchi on the human body. At the same time, the mechanism of Shuidouchi in the human body also requires comprehensive and in-depth experiments. As basic research, this study has played a specific theoretical role.
Conclusions
In this study, through in vitro experiments of Shuidouchi fermented under different conditions, the optimal fermentation conditions were obtained and they are listed in the following: soybeans should be soaked in twice the quantity of water for 12 h, placed it in a glass container, and fermented at 35 • C for 48 h. Under this condition, Shuidouchi fermentation achieved a greater antioxidant effect than that fermented under other conditions, which also contained the highest level of soybean isoflavones. To evaluate the preventive effect of Shuidouchi on colitis, a model of mice with colitis was established by DSS. The experimental results indicate that the Shuidouchi extract could effectively prevent experimental colitis in mice. The preventive effect of Shuidouchi on colitis is directly related to its high soybean isoflavone content, which could be the main mechanism of the intestinal protective effect of Shuidouchi. However, the experimental results remain only applicable for mice, and the mechanism of action in humans remains to be further studied.
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